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HOT BLAST HEATING,
I.
Scope of the Thesis
It is the purpose of the writers of this thesis to 
discuss the Subject of Hot Blast Heating, giving a review of 
the different methods of design; and also to give tde results 
of some investigations made on the Chemical Building of the 
University of Illinois.
Definition of Hot Blast Heating:-
Hot Blast Heating is accomplished by blowing or 
drawing air through some form of heater and discharging this 
air into the space to be heated. The heaters are in almost 
every instance of such a type as to use steam or hot water as 
the source of heat, though in some instances the system has 
been successfully applied with furnace heated surfaces. In 
this thesis we shall have to deal only with the system using 
steam heat.
Advantages and Disadvantages over other Forms of Heating 
The chief advantage of hot blast heating and especi 
ally of systems employing a fan ventilating system in connec­
tion with the distributing system, lies in the fact that in 
this way a positive and efficient ventilation is maintained
2
as well as a uniform distribution of heat. Furthermore the 
temperature in such a system can he regulated to a nicety 
by thermostatic control and the humidity and purity of the 
air supplied can be controlled to an almost equal degree of 
precision. In a later chapter will follow a comparison as to 
cost of installation of direct heating and hot blast heating 
systems.
Application:-
It follows from what has been said that the system 
is especially adapted to the heating and ventilating of rooms 
used for public purposes, for school houses, hospitals, work 
shops, etc.
II.
Determination of Air Supply:-
There are two things to be considered in determin­
ing the rate at which air is to be supplied to a given room. 
(A) We may consider the air simply as a carrier of heat and, 
knowing its specific heat as well as its temperature, deter­
mine the amount necessary to counter-balance the heat losses 
through glass, wall surface, etc. (B) We may determine on 
the amount needed per minute or hour in order that efficient 
ventilation may be maintained. The amount of ventilation 
will generally preponderate and in finally determining the 
amount to be supplied we should allow enough to meet the max­
imum demand
3(A) By referring to the values of heat losses given by 
Wolff and Peclet, it will he noted that a fair average value 
would he one heat unit for glass and 0.25 heat unit for walls 
per degree difference of temperature per square foot per hour. 
Usually we can neglect all inside walls, especially walls sep­
arating heated apartments. Only such ceilings as form an ex­
posed roof need he considered and they may he figured in as 
wall surface. If C represents cubic contents of room, W, the 
area of exposed wall surface, G the area of glass and N the 
number of changes per hour, we have as a general formula for 
heat given off, in heat units per hour:-
n w
H = (-- c + G +---) t
55 4
where t = difference between inside and outside temperatures 
in degrees Fahrenheit. Prof. Iiinealy attacks the subject of 
heat losses in a very thorough manner by determining experimen­
tal coefficients for different kinds and thicknesses of walls. 
The heat loss through one square foot of wall surface is evi­
dently equal to the difference between inner and outer temper­
atures multiplied by some coefficient, i. e., h = k ( t, - to) s 
where s = wall surface in square feet. He determines this 
coefficient k to be:-
0.33 for 6” hollow tile inside hollow wall 
0 .2 2 for 18" concrete floor
0.298 for 13” brick wall
40.242 for 18" brick wall 
0 .2 1 1 for 22" brick wall, etc.
His experimental formula for windows is h = 70 s + 260 YS”  
(for 70 range) for different range the constants 70 and 
260 should be varied proportionally. Kinealy’s investigations 
were made on German houses where windows and doors are more ac­
curately fitted than in American practice. It is probable that 
results obtained by using his formula would give values some­
what too small for American building construction.
(B) In order to arrive at the proper rate of air supply 
to give satisfactory ventilation it is necessary to know some­
thing about the rate at which foul matter and C 0. are given
2
up by the respiratory process in different people.
While carbon dioxide is not of itself injurious, yet, as 
it is a product of combustion and respiration, and naturally 
is associated with other injurious products, it may be regard­
ed as an index of the quality of the air, and the amount of it 
present under such circumstances may be taken as the standard 
by which we can judge of the ventilation. Pure air containing
4 parts C O  in 10,000 is the standard of absolute purity.
2
Authorities differ as to the greatest amount of C 0 which
2
may be permitted. It is reasonably certain that no unpleas­
ant sensation is experienced until the amount has been in­
creased to 10 or 12 parts in 1 0 ,000.
The standard of good ventilation usually adopted would allow
5
of about 8 parts per 10,000 parts of air. The tendency of late
of
in the matter of ventilating has been to make itAa still high­
er standard. If we take the C O  as an index of the character
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of ventilation and consider that each person uses l/5 cu. foot 
of gas per minute and that the respired gas contains 400 parts 
in 10,000 as against 4 to 10,000 for entering air, we can cal­
culate the amount of air which must be provided to maintain 
any standard of purity desired. The formula for this opera­
tion would be as follows:-
Let a = no. parts of C 0 in 10,000, thrown out in respir-
2
ation or other impurities.
Let b = cu. ft. of air used per minute.
Let n = standard of purity to be preserved, expressed in
units of C 0 permissable in 10,000 of air.
2
c = cu. ft. of air required:- we shall have 
a b
c = ---, Taking a = 400 for an adult b = l/3; n = 8 ; we
n-4
get c = 33, by taking n = 30 we get c = 22. The following 
table taken from Carpenter shows amount of air which must be 
introduced for each person to maintain various stendards of
puri ty?-
6Standard parts of Cu. Ft. of Air required per Person
C 0 in 10,000 of air. Per Minute Per Hour
- - 2 ----------
5 133.3 8000
6 67 4000
7 44 2667
8 33 2000
9 27 1000
10 22 1333
1 1 19 1151
12 17 1000
13 15 889
14 13 800
15 12 727
16 1 1 667
18 9i 5 571
20 8.3 500
Authorities differ as to the amount of air to be provid­
ed per person but at the present 30 cu. ft. per minute per per 
son seems to be considered adequate for good ventilation.
All that has been said applies to healthy persons. In 
hospitals where the contamination is found to be more rapid 
and undesirable than under normal conditions of health the 
amount of air per minute ought to be doubled and for contagion 
wards the amount per person should be made as high as 120 cu. 
ft. per minute. (Kinealy).
From what has been said under (A) and (B) it is apparent 
as to how some definite amount of air to be supplied in a giv­
en time may be arrived at for any room which may come under 
consideration. Heating and ventilating engineers often refer 
to the heating of a room as being accomplished by a certain 
number of changes of air per hour. It is quite apparent that
7this rule must be quite arbitary being necessarily modified by 
the proportion of glass and wall surface and general type of 
construction as well as by the number of inmates.
Stores, bar-rooms, shops, etc, - 4 changes per hour 
Smoking rooms and toilet rooms - 6 to 8 " " "
Cafes and dining rooms - 5 changes " "
Small mess rooms (used at intervals) 4 " " "
Methods of Distributing Air:-
In Fig. 1 are shown six methods of distribution:- 
In (a) air is introduced at bottom, discharged at top 
In (b) ” " " on side, ” t! (I
(c) on
opposite side.
In (d) air is introduced on side, discharged near bottom. 
M (e) " ” " at bottom, M " "
" (f) " " " near top, " ”
It is evident from an examination of the different schemes that 
the one shown in (f), i. e., introducing the air near the top 
and discharging it near the bottom and directly beneath the 
point of entrance is the most efficient method of distribution.
The point of inlet should be at least 8 feet from the floor.
The air should be blown towards the cold surface of the room.
The speed of entrance and exit will depend on the size of the 
room and upon the height of same as well as location of inlet 
registers. From 200* to 500' per minute is common practice, the
8
former for small rooms and the latter for rooms 50 or more feet 
in width. The idea in distributing the air as in Fig. 1, (e) 
is that the heated air shall enter and he given sufficient ve­
locity to carry it to the cold surface, where it will he cool- 
ed and descend and then he carried hack and drawn out through 
the ventilating registers. If inlet registers must he near 
the floor, the velocity of entrance should be below 300 feet 
per minute in order to avoid disagreeable draft.
In factory heating where the outlets are placed high 
above the heads of the workmen and the air is: forced, say 100 
or 200 feet, the velocity at fan outlet is as high as 3,500 
feet per minute.
The velocity through the ventilating registers can, in 
general, he quite high without producing any noticahle draft.
In a hot blast heating and ventilating system the amount 
of air exhausted by the ventilating systems should be practi­
cally equal to the amount blown in. In case there are any 
rooms having objectionable odors, the odors from these rooms 
may be prevented from pervading adjoining rooms by ventilat­
ing out an excess of air from the foul rooms and blowing an 
excess of air into those rooms in which odors are objection­
able
9Design of Systems
There are several general methods of designing a hot 
"blast heating system depending on the use to which the system 
is to he put.
For the heating of large factories, wholesale houses, etc. 
i. e. places where the amount of air used for breathing is very- 
small in proportion to the volume to be heated, recirculation 
of the air in whole or in part may be advantageously resorted 
to.
The simplest device for heating in such cases consists of 
a direct connected heater and fan blowing directly into the 
space to be heated. It is generally preferable however to pro­
vide some kind of ducts to carry the heated air to different 
points in order to facilliate distribution.
On the other hand the best modem systems such as are used 
in schools, hospitals, hotels, etc. consist of complete and 
elaborate devices for tempering, purifying, heating and dis­
tributing the air and a positive method of withdrawing the same 
after it has done its work. Thermostatic control will give ex­
ceedingly minute temperature regulation.
Heaters:-
The heating surface used in this work is generally 
made up of wrought iron pipes (ordinarily 1 ” nominal diameter) 
set in staggered rows and so spaced as to allow of a free cir-
III.
culation of air through them. It is general practice to set 
the pipes so as to be 2 l/8M on centers. Heating coils are 
usually built up of sections which are generally from 6 to 8 
feet long and wide enough to contain either two or four rows 
of pipe. The base of each section is tapped far steam and re­
turn connections, the steam supply pipes to each section are 
valved separately and connected into a header which receives 
the steam supply from the steam main. The returns are run to­
gether and led back to heater or otherwise properly disposed of.
Experience has proved that a heating coil about 20 pipes 
deep is the most economical; for above that number of rows 
the increasing resistance to the passage of air is not justi­
fied by the rise in temperature of the air. In Fig. 2 & 3 
are shown two forms of heater-sections. It is essential that 
the base be designed so as to allow of an easy distribution of 
steam and at the same time properly allow the water of conden­
sation to escape. It is not the province of this work to crit­
icise any special make of heaters, but it is important to bear 
in mind that any arrangement of heating coils such as shown in 
Fig. 3 is a very poor one indeed; for the steam will short- 
circuit through the short inner coils, thus rendering a great 
part of the pipe surface, viz;- that of the long outer circuits 
partially or totally ineffective.
Experiments have been made (See Carpenter) which show that 
the number of heat units given off per degree difference of
10
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temperature per square foot of heating surface per hour equals 
twice the square root of velocity of air in feet per section. 
Letting this coefficient he (a) we have:-
a = 2 • where v = ft. per sec.
We know from the specific heat of air that I B ,  T. U. will 
heat 56 cu. Ft. of air through one degree Fahrenheit.
Let Q = quantity of air in cu. ft. per hour needed to 
properly heat and ventilate in a given case. Let t" = temper­
ature of air leaving heating surface, t’ = temperature of outer 
air or in case of recirculation that of the mixture of inner 
and outer air, t, = mean temperature of air surrounding the 
heating surface = l/2 (t” - t').
T = temperature of heating surface.
Then the square feet of radiation in our heater will be 
equal to
Q ( t" - t* )
56 a ( T - t, ) 
toIn order to reduce thisAlineal feet of 1" pipe it is on­
ly necessary to multiply the square feet of radiation by the 
number of lineal feet of 1 ” pipe having one square foot of 
outside surface. By the heating surface of a coil is meant 
only such surface as is not counted in return bends or bases.
A comparison of results obtained by substituting values in 
Carpenter’s formula, with measurements of coils, heating a cer­
tain amount of air, has shown that they agree pretty closely, 
the latter being generally a little larger than Carpenter’s
12
would give. The size of steam and return connections on hot 
blast heating coils should be considerably larger than those 
used on the same amount of direct radiation on account of the 
greatly increased condensation due to the greatly accelerated 
convection.
Experiments made at Iowa State College reported in Vol. 
48 No. 18, Oct. 31, 1903, of the Engineering Record show that 
the steam condensation is in direct proportion with the air 
temperature. The results in brief were as follows :-
Heating coils: .0156, .0138, .0089 and .0102 pounds of 
condensation per degree difference of entering and leaving 
air per hour. Taking, .0156 as a maximum condensation and 
the greatest range of temperature as say 150 degrees Fahren­
heit, the condensation per square foot per hour = 2.34 lbs.
Tempering Coils:-
Before passing through some form of air purifying 
device, such as will be described later, the air is general­
ly tempered; that is, raised from freezing temperature to 
about 60 degrees or 70 degrees F. by passing it through a 
small heater of 2 to 4 rows of pipes. It is evident that the 
condensation per square foot of heating surface in this coil 
will be considerably greater than in the heating coil, and 
will probably reach about 3# condensation per square foot 
radiating surface per hour in extreme cases.
The size of steam supply to each section as well as to
13
the combination of sections can easily be computed by multi­
plying the sq. ft. of radiating surface by the condensation 
per sq. ft. and multiplying this product by the volume of 1 # 
steam at temperature at which the system is to be operated.
Then by assuming safe velocities for the steam the diameter 
of the various pipes can be easily computed.
The volume of 1# steam at an atmospheric = 26.62 cu. ft.
The volume of 1# steam at 5 (gage) " =20.25 cu. ft.
Safe velocities in mains is from 4,000 to 9,000 ft. per 
minute. Safe velocity in steam supply to sections equals a- 
bout 1,500 ft. per minute.
Air Purifying Devices
The simplest and cheapest, though not the best form 
of air purifying device consists of a set of screens made of 
very fine meshed copper gauze. The screens are put up in du­
plicate so one set can be taken out and cleaned while the oth­
er is in operation.
The best method of cleaning and purifying air is to tem­
per the air, saturate it with water, precipitate the moisture 
with collected impurities and discharge the mud thus collected 
into the sewer.
In the device used in the city Telephone Exchange, St. 
Paul, Minn, as described in Engineering Record Vol. 45, No.
22, May 21, 1902, page 520, the water which is taken up at 
comparatively high velocity and held in mechanical combination,
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is extracted by centrifugal force by passing it through tubes 
in which are placed helical feathers, so aS to give the air a 
whirling motion, thus causing the suspended particles which 
are heavier than the air to be thrown outward and brought in 
contact with the tubes from which they flow from the perfora­
tions to a drip pan beneath.
Another Scheme is Shown Below:-
PL/bN
CEHENT TFt’OUGcH  ^  
WHTER TROUGH
E L E V A T I O N
The air is drawn through 3/8” mesh screens and through the 
tempering coils. It then passes through a layer of coke through 
which a continuous stream of water percolates. Water drips from 
a triangular trough running lengthwise over the bed of coke and 
drains into a concrete basin below.
In the Thomas "Acme” air washing apparatus the outside air,
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before It enters the fan, passes through tempering coils and 
then through the spray chamber. This chamber contains a number 
of nozzles that are placed in such a way that no air can pass 
through without being washed.
After the air has passed through the chamber and after it 
deposits all the heavy particles, like soot, dust, etc. , at the 
bottom of the tank, and after absorbing all the moisture it will 
hold, the air passes on to the eliminator. The eliminator con­
sists of a number of baffles arranged as shown in Pig. 4.
The air striking the first row of baffles rebotmds in a 
direction towards the second row and from there to the third 
and so on, each time depositing the moisture and small parti­
cles of dirt it has carried along, against the baffles, which 
are so made and placed in the eliminator that they.will prevent 
any water, moisture or particles of dirt being retained in the 
air. A small circulating pump, generally driven by belt from 
the fan shaft, keeps up the requisite air-circulation of water. 
Fresh water needs to be supplied once every day.
Fans:-
There are two types of fans that are generally used 
in hot blast heating work; the blower and the exhauster. In 
the first case the air is drawn from the atmosphere and is dis­
charged against a higher pressure. In the second, it is drawn 
from an exhaust passage and discharged against the atmosphere.
In this case the atmosphere is the higher pressure. The steel
16
plate blowers and exhausters are today recognized as the stand­
ard type for ventilating and heating by the fan system; where 
large volumes of air are to be handled without excessive speed 
or pressure.
A blower may operate against high pressures, which an ex­
hauster never does, the latter finding its chief use in handl­
ing large volumes of air at practically atmospheric pressure.
It follows therefore that the outlet of a blower is sometimes 
made small, i. e., less than the area of the fan blade which 
the inlet and outlet on an exhauster are made as large as possi 
ble. Prof. R. G. Carpenter says, "The form of fan blades has 
considerable effect on the results. The highest pressures re­
sult when the fan blades are bent forward and the highest effi­
ciency when the blades are bent backward." Pressure and effi­
ciency both being considered, the flat radial blade is the best 
to use in connection with heating and ventilating.
Let Q, = no. of cubic ft. of air delivered by fan per
s
second.
Let C = average velocity in ft. Sec. of air entering the 
o
housing.
Let d » diameter of-suction passage or inlet then l/4 7T o ’
Q, 2
-----for single inlet. 1/4 7T d = Q/2 Ce for double inlet.
n
Between the outer and inner diameters, d and d, of the wheel,
2
and the diameter of inlet, (d) the following relations are ob­
tained: -
I
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d = 2 a to 3rd ) Des Ingeneure Taschenbuch
)
d = d to 1.5 d ) P. 640.
The breadth of the vane at the inner circumference of 
the whee 1 is b = 0.25 d to 0.4 d for single inlet and 0.5 dto.8d 
for double inlet. The width of the vane at the outer circum­
ference is preferably less than that of the inner circumference, 
and may be obtained by the relation, b, r, = ba ra , where r, = 
inner and rg = outer radius of fan blades. Sometimes however 
the vane is of equal width throughout, though a fan of this 
construction is likely to be noisy.
For any size of centrifugal fan there exists a certain 
maximum area over which a given pressure may be maintained, 
dependent upon and proportional to the speed at which the fan 
is operated. This area is known as the "capacity area" or 
blast area. For any given pressure it is equal to the cubic 
feet of air per minute discharged by the fan divided by the 
volume of air in cubic ft. which may be discharged in one min­
ute through an orificehaving an effective area of one square 
inch. With fan running at normad. speed the blast area may be 
taken as approximately equal to D x 22 or 23^ where D = dia. 
of fan wheel in ft. This approximate rule holds good only 
when the width of the fan wheel is about ofce half its diameter.
Blowers are generally run to give a working pressure of 
50/l00 oz. per square inch with a possible maximum of one oz. 
per square inch. The relation between the cubic feet of air
18
to lie move® per minute,the diameter of the fan wheel in feet,
and the pressure, is given hy the formula:-
2
C = K D tT p "
P = oz. per square inch
C = cu. ft. per minute at fan.
K = 740
D = dia. of fan wheel in ft.
Let N = R. P. M. of fan.
K' = 1600 to 1700.
Then we have
N D = K' f T -
and horse power of fan:- 
P C
H. P. = ----
2100
5 0 % should he added to this horse power when fan is driven 
hy steam engine and 20%  when fan is driven hy an electric motor. 
The efficiency of large•ventilators such as are used in mines 
may vary from .40 to .75; the efficiency of smaller fans is 
from .30 to .40 probably never more than .50.
Arrangement of Apparatus:-
Fan may he so set as either to draw or to blow the 
air through the heating coils. Deflectors are generally at­
tached to the outlet of a blower in order to spread the air 
more uniformly over the surface of the heating coils. The dis­
tance between blower outlet and heating coils should be made
19
ample for the same reason. By-pass dampers are generally 
placed underneath the heating and tempering coils. These are 
arranged to be capable of fixed adjustment. See Fig. 5 a, b. 
Where thermostatic control is used the chamber beyond the heat­
ing coils is partitioned off by a horizontal partition into a 
hot and cold air chamber, the former receiving the air which 
has passed through the heating coils and the latter that vh. ich 
comes through the by-pass damper beneath the coils. The re la- 
tive proportion of hot and cold air to be supplied to a duct 
is determined by the position of the right angled dampers as 
shown in the figure. The position of these dampers is variable 
and they are caused to turn on their axes and take up various 
positions by means of thermostats which control them, either 
directly or indirectly.
The arrangement of the fan-room from the simplest to the 
most expensive, ranges as follows:-
1. Direct connected fan and heater blowing directly in­
to the space to be heated and recirculating the air.
2. Fan blowing or drawing air through heater; system of 
ducts; partial or total recirculation.
3. Item #2 with screens for cleaning the air.
4. Air purifying device; tempering coils; fan and heater.
5. Air purifying device, tempering coils, fan and heater 
with thermostatic control.
Thermostats are placed in those rooms in which it is de-
20
sirable to control the temperature automatically. A thermostat 
is so constructed that some of its parts will move because of a 
change of temperature of the surrounding air. This motion o- 
pens a small valve which allows air under pressure to flow 
through and act on a diaphram whose motion controls the posi­
tion of the mixing dampers and thus varies the supply of heat.
There is no hard and fast rule for proportioning ducts.
In general it is best to keep the velocities as low as possi­
ble and avoid sharp bends and angles. The friction in small 
ducts is proportionally much greater than the friction in lar­
ger ducts; due to the fact that the periphery of a duct increas­
es as the first power, while the area of the duct increases as 
the second power of the common dimension. According to tables 
given in Sturtevandt's Catalog, the pressure loss in a duct 
of a given length is proportional to the square of the velocity 
and inversely proportional to the diameter for round ducts. 
Expressed as a formula:—
vs Vs
P  = --- K or P = ___ x .0000000111 for galv. iron.
d d
Where P = loss of pressure in oz. per sq. inch and d the 
diameter of pipe in inches.
The velocities at different points in ducts are about as 
follows:- From 1500 to 2000 feet per minute from fan to 
nearest branch ducts, from there on gradually reduced to ve­
locity of about 500 feet per minute at extreme end of duct.
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The velocity in fines is made about 50/ greater than velocity 
at registers.
By-pass or volume dampers are generally placed in branch 
ducts so that the distribution of air may be finally propor­
tioned correctly.
Gauge of Material for Galvanized Iron Ducts:
Diameter Of circular pipe. B. W.
9" or less #28
9" — 14" 26
15" —- 20" 25
2 1" — 26" 24
27" — 35" 22
36" — 46" 20
47" 60" 18
Note:- Rectangular pipe to be made of same material as 
circular pipe of equivalent area. Rectangular ducts must be 
braced.
Registers:-
The effective area of a register is equal to its to­
tal. area minus the area of the fret-work. The effective area 
is from 2/3 to 3/4 the total area.
Cost of Installation:-
Taken from article entitled Heating Cost of Various 
Systems, Engineering Record; Vol. 48, No. 26, Dec. 26, 1903, 
Page 812, "Considering the heating of buildings by systems,
22
the costs run as follows, it being understood that the values 
represent the cost per cubic foot of contents heated.
■a  ^ High pressure steam reduced, two pipe system with air 
line and no boilers. (Manufacturing plants and heating of 
central stations.) $.0129 -.0176
(b) Low pressure live steam with gravity retHm and boil­
ers, two pipe systems and air lines. 0$.022. .024
(c) Exhaust steam with back pressure, f.0125 to.017
(d) Exhaust steam with vacuum return, $.017 to .020 
Note:- Vacuum systems usually increase the heating cost
from 10 tb 15c per sq. foot of radiation installed.
In general:- Cost per cu. ft.
One pipe gravity return with boiler $.018 to .022
Two " " . " " M $.022 to .024-
Indirect radiation, gravity return with boiler, $.05 to .054 
Direct indirect one pipe system gravity return $.02 to .025
Factory heating, fan system, recirculation of air .0036 " .007 
Factory heating, fair average, $.005
Public schools (heated and ventilated) fan system .015 to .02 
Public schools, fair average, .017
Buffalo Forge Co. claim that:- 
For factory buildings of from 500,000
to 3,000,000 cu. feet of contents, average is, .00225
Experiments on Chemical Laboratory, U. of I.
Several tests were made on the hot blast heating
system of the Chemical Laboratory of the University of Illinois.
The object of the tests was, (a) to investigate what con­
ditions existed in the different parts of the heating chamber 
as regards pressures, velocities and temperatures, and (b) to 
determine as nearly as possible the amount and temperature of 
the air supply to the building with the heating apparatus work­
ing under known conditions.
Data taken under Experiment (a)
Velocities of air, in ft. per minute.
(1) Before entering heating coils
(2) After leaving heating coils
(3) At plane of fan inlet 
Pressures, in oz. per sq. inch.
(4) Before entering heating coils
(5) After leaving heating coils
(6) At plane of fan inlet
(7) Near fan outlet 
Temperatures, Pah.
(8) Of outer air a,t start and stop
(9) After leaving heating coils (at surface)
(10) After leaving fan 
Data taken under Experiment (b)
(1) Velocities of air at register faces
(2) Temperatures, at register fhces
(3) Pressures, before exit from registers,
(in a few cases)
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Data taken under (b) continued.
(4) Measurement of registers
(5) Measurement of duct system
See basement plan.
Calibration of Anemometer:-
This instrument was calibrated by pacing over a course 
of 100 feet, holding the instrument as steady as possible and 
keeping the plane of its face at all times perpendicular to 
the direction of motion. The velocity of the operator was 
measured accurately with a stop watch. The velocities of the 
operator in feet per minute were laid off as ordinates and the 
velocities in feet per minute as recorded by the instrument 
were laid off as abscissae. The resultant calibration cure 
was found to be practically a straight line above an actual 
velocity of 250 feet per minute; i. e. Anemometer readings 
multiplied by 0.835 gave actual velocities. Below velocities 
of 250 feet per minute we referred to the curve.
Pressure Gauge
In order to read the pressures as closely as possi­
ble we used Peclet's form of draught gage, using petroleum 
and reading in inches of water. We reduced our re adings to 
ounces per square inch by multiplying by the proper constant.
Experiment (a)
General Bata:-
Type of system:-
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Two double inlet fans drawing air through two heating 
coils; by-passes beneath heating coils; no air cleaning device. 
Heating Coils:-
One of 2,496 lineal foot of 1” pipe, e. g. 860 sq.
ft. of radiation, type shown in Figure 5 ___; other heating
coil consisting of aggregation of radiators made of 1 ” pipe 
and having total of 501 sq. ft. of radiation. One radiator not 
supplied with steam, leaving sum total of 1254 sq. ft. of heat­
ing surface in both coils. Two by-passes; area of each =
13.5 ft.
Fans:-
Each fan 6 * - 0” wheel by 3 ’ - 0M wide.
Revolutions, 200 to 202 per minute.
Diameter of inlets = 43” (each)
Area of inlets = 10.1 □ ft. " - 2.5 aft. = 7.5 a*
Area of discharge = 13.0 oft. (each)
Remarks:-
By-pass under South heating coil open; by-pass under 
North heating coil closed.
Area of North heating coil 14.5 a ft. = a,
11 ft by-pass beneath (closed) = 0 t 11 = ag
11 11 South heating coil = 4.6 tf a = a3
11 11 by-pass beneath (open) = 13.5 t ii = a+
11 11 fan in-lets (combined) = 30.0 tf ii = a s
11 11 M outlets " = 26.0 n 11 = ae
11 11 main duct = 30.0 ii 11 = a7
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Averages of results obtained: vel. pres. , temp. 
As per items on page 24
(1) = 846 for a, (before entering)
0 tt ag
— tt a3 ( " " )
1140 tt a+
(2 ) = 1020 n a, after going through coils
(2 ) = 1000 tt a3 ff f» ft ft
(3) = 1260 (average of both fans)
Amount air per min. through a, = 14,600 C U , ft. at. 155* F.
t! tt tf t j# tf = 4,600 tt tt " 155*
tt tt tt tt It a * = 15,400 tt tt " 42° F.
Total through a, a3 & a^ = 34,600 ”
Amount air through fan inlets = 37,800 M 108° F.
,f " leaking in = 3,200 due to poor con­
struction.
Discharge of fans cu. ft. per min.
(Figured from formula) = 39,500
Velocity through 30.0 o ft. main duct at 37800 cu. ft./min 
(Computed) = 1,250 ft. per min.
(4) = - 0.110 for North coil in oz. per. □ "
(5) = - 0.356 " " " " " " " a "
0.246 oz. per. o " = drop in press, by passing 
through 16 rows of 1 M pipe 2 l/8" o. c
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(6) - - 0.423 to - 0.497 oz. per
(7) = - 0 .2 2 oz. per □" over duct area of 1870 o,f
Blast area of fan = 745 a"
Reduced to fan pressure over this blast area gives 
fan pressure of 0 .5 5 oz. per a"
Theortic discharge of fan from §§
2
C = 740 D V P"~gives----- 19,750 ft. per min.
(8) = 42° (average)
(9) = 155° (average)
(1 0 ) = 108°
Experiment (b)
General Data:-
Condition of Heaters and Fans same as in Experiment (a) 
Temperature of air after leaving fan = 125 degrees 
Main deflecting damper in basement set in center notch 
Direction of wind S. S. E., velocity about 750 ft. min.
(1) Velocity at register taken by moving anemometer over 
entire surface thus getting the average velocity out of the 
register.
(2) Temperature at register taken by suspending or holding 
thermometer in plane of face.
(3) Pressure v/as taken (in a few instances) by means of 
our pressure gage; was so slight that we decided to neglect it.
(4) Registers were measured to get the commercial dimen­
sions, i. e. dimensions to inside of border.
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(5) Ducts v/ere all measured to nearest inch first figure 
representing depth and second figure representing breadth. 
Explanation of Table
Column I'gives number of room as per set of plans 
following. Room numbers on plans are marked in
Column II; contents of room in cubic feet; obtained from 
plans.
Column III; Commercial size of register, as measured.
Column IV; Effective area of register = total area minus 
area of grill work.
Column V; Velocity (average) in ft. per minute as per 
corrected anemometer reading.
Column VI; Air supplied in cubic feet per minute = column 
IV x Column V.
Column VII; No. changes per hour = cubic ft. air per
minute x 60 divided by cubic contents, i. e. Column 
VI x 60 divided by II.
Column VIII; Temperature record.
Column IX; Gives number of persons per room figured on a 
basis of 33 cu. ft. per minute per person = VI 33.
Remarks on Experiment (b)
Room #100 is used as a lecture room, has seating ca­
pacity of 314 persons. The air supply to this room is 8,080 cu.
4 -
ft. per minute. This will give 28.6 cu. ft. per minute per
circles,
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person, Which is equivalent to a standard of 9 parts of C 
in 10,000 of air, Which is slightly below the standard advo­
cated by Kinealy.
Prom the totals on Schedule it appears that the number of 
cubic feet heated by hot blast equals 463,000. The cubic feet 
of air per minute supplied as measured equals 36,000, making 
average change of air in total contents thus supplied equal to 
4.8 changes per hour.
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